Abstract. Industry upgrading and transfer is an important way of the industry collaborative optimization in Beijing-Tianjin-Hebei, and the research on energy efficiency has important practical significance in the process of industrial transfer and upgrading. Based on the capital, labor and energy consumption as input indicators, industrial added value as the expected output indicator, carbon dioxide emissions as the unexpected output indicator, this paper uses the DEA-Malmquist model to measure total factor energy efficiency of Beijing, including 36 sub-industrial sectors and they are divided into high, medium and low energy efficiency industry by using the system cluster analysis. Then we calculate the total factor energy efficiency index and its decomposition index of Beijing industry in [2005][2006][2007][2008][2009][2010][2011][2012][2013]. The empirical analysis draws that the overall industrial energy efficiency shows an upward trend. And the technological progress is the main driving factor and the difference of pure technical efficiency is the main reason for the gap among the industries.
Introduction
Government work report promoted strategy of Beijing-Tianjin-Hebei collaboration development for country's top development strategy in 2014. Industrial collaborative development as an important joint is the foundation of Beijing-Tianjin-Hebei collaboration development. Energy efficiency is an unavoidable problem in the process of industrial upgrading and transfer. If we transfer or increase production capacity without considering resource constraints and energy efficiency optimization, it will cause a lot of resource consumption and serious environmental pressure. The industrial sector in Beijing still consumes large energy and the energy economic efficiency is low, which is the focus of industrial upgrading. To study the industrial energy efficiency of Beijing can provide the basis for the formulation of policies and strategies for the coordinated development of industry in Beijing.
Energy efficiency is a relative concept, which refers to the amount of energy consumed to promote the sustainable development of economy, society and environment. At present, there are many researches on energy efficiency [1] [2] . According to the number of indicators, energy efficiency can be divided into single factor energy efficiency and total factor energy efficiency [3] . Compared with the traditional single factor energy efficiency, total factor energy efficiency considers the influence of various factors, such as economic growth, industrial structure, technical level, environmental pollution. Therefore the energy efficiency calculation results more accurate and comprehensive.
In the aspect of energy efficiency measurement, there are two categories: parametric method and non parametric method. The parametric method is represented by SFA (Stochastic Frontier Analysis), which is first used by Schmidt P、Sickles R C [4] and Gong B H、Sickles R C [5] . And the non parametric method is represented by DEA(Data Envelopment Analysis), which is more common in practical application than SFA. Wu et al. [6] combined with principal component analysis to establish the DEA energy efficiency evaluation model which can deal w ith the non expected output, and make an empirical study on 30 administrative regions in china.
At present, the research object of energy efficiency is mainly concentrated in the level of national [7] , provincial [8] and industry [9] . However, there is less research on energy efficiency of each segment. The research can be more appropriate from the micro level to provide quantitative data support for energy policy formulation. Under the background of industrial transfer in Beijing-Tianjin-Hebei, this paper uses the DEA-Malmquist and cluster analysis method to analyze the energy efficiency of various industries and differences. This can be targeted to formulate policies and measures to strengthen environmental constraints and improve energy efficiency to further promote the optimization of Beijing City and alleviate the pressure on resources and environment to provide a reference.
Methodology

DEA model
DEA is a mathematical programming model, which is operated by Charner, Cooper and Rhodes [10] in 1978. It's an non parametric statistics method, which is used to evaluate whether the same type of DMU(decision making unit) is effective. This method does not need to assume the production function, and can be directly input non homogeneous factors as the input in dexes of total production frontier relative efficiency. The relative effective production frontier is determined by mathematical and statistical data, the production frontier of each decision unit is projected to the DEA, and through the comparison of decision making units deviate from the DEA frontier to evaluate their relative effectiveness. It has some advantages in dealing with multi-input and multi-output problems.
Consider there are n DMUs, and each DMU has m inputs and s outputs, Malmquist index model DEA model is used to evaluate the relative performance of each decision making unit in the whole evaluation system. For different evaluation systems in different periods, the efficiency values can not be compared directly. Based on the DEA model, Malmquist productivity index is proposed. based on the DEA model, using the ratio of the distance function to calculate the input-output efficiency. The model use the distance function to the ratio of input and output efficiency, and the decomposition of productivity change for change of techno logical progress and technical efficiency, technical efficiency and further subdivided into pure technical efficiency change and scale efficiency change.
Fare et al. [11] defined a Malmquist productivity index based on constant returns to scale (CRS). The model is as follows: 
Where,
are distance functions between real output and optimal output based on VRS in period t and period t+1, respectively. The three items in Eq.3 represent pure technical efficiency change, scale efficiency change and technological progress. Technological progress equals the product of pure technical efficiency change and technical progress. The change in technical efficiency measures the gap between each DMU from the period t to the best frontier of t+1. Technological progress measures the movement of technological boundaries from t to t+1. When the index is greater than 1, equals to 1 and is less than 1, it indicates technological progress, technology without change and technical setback, respectively.
Index section
In this paper, the energy efficiency of industry in Beijing is regarded as the research object. The data of 36 industries in Beijing city in 2005-2013 were analyzed. Table 1 
Empirical Analysis
Analysis of total factor energy efficiency in industry
In order to compare the differences of energy efficiency among different industries, from the perspective of industry segments, the total factor energy efficiency values of 36 industrial sectors in Beijing were calculated ( Table 2 ). Using of SPSS23 in the system clustering model and using group connection method and the squared Euclidean distance to measure the similarity between the lines, high, medium and low three levels of classification of the various sectors of the industry, the classification results are shown in table 3. The energy efficiency among industries in Beijing are significantly different, and some industries still have great potential for energy saving. The average energy efficiency of high energy efficiency industry, middle energy efficiency industry and low energy efficiency industry was 0.94, 0.54 and 0.302 respectively. The traditional "three high" industries such as coal mining and washing industry, oil exploitation and processing, metal smelting exist in the industry of high energy efficiency, but the most companies of which have turned out or shut down. At present, the total number of enterprises in this industry is only 13, and the gross value of high energy efficiency industry is no more than 6% of industry. Other industries with high energy efficiency are mostly manufacturing enterprises, which size is large-scale or medium-scale. The main reason for this situation is that large or medium-scale companies have good resources such as labor, equipment and money to promote the reform of technology and management system persistently compared with small-scale companies, and another reason is that large and medium-sized manufacturing enterprises assume more social responsibility than the small-scale companies, so they play a important role in promoting the energy efficiency with the energy saving and emission reduction policy and the social pressure.
The energy efficiency in 80% of the heavy industry is medium and high. Only four industries including manufacturing of metal products, manufacturing of non-mental products, manufacturing of rubber and non-metal mining is low. From the early state of '11th Five Year Plan', the chemical, cement, printing and dyeing, building materials and other heavy industrial production enterprises has continuously been moved out from Beijing. Meanwhile, driven by industrial restructuring and industrial transfer, the Beijing industrial investment gradually transfers to the automotive, electronics, medicine and high-end equipment. It is the champion in the communications equipment, computers and other electronic equipment manufacturing, and has formed the trend of the development of industrial clusters. In 2015, the Ministr y of industry and Commerce in Beijing-Tianjin-Hebei Province, the directory has eight categories of key industries, including information technology and equipment manufacturing industry in the energy efficiency of the top two categories of industrial.
The energy efficiency of light industry is low, except for papermaking and paper products, beverage manufacturing, and handicrafts and other manufacturing. At present, the market potential of clothing, shoes and hats manufacturing, leather, fur, feathers (dow n) and its products industry, furniture manufacturing and other market potential in Beijing are small, belonging to the labor-intensive industries and polluting industries, and is the key industries in the future of industrial transfer. In 2014, the first batch relocation of enterprises involves a total of 2017 in Beijing, including building materials, chemicals, furniture, clothing, textile industry and other enterprises, which is consistent with the low efficiency of the industry cluster analysis.
Total factor productivity index and its decomposition analysis
The total factor productivity (TFP) can measure the productivity change, which is decomposed into technological progress (TP), technical efficiency(TE). The technical efficiency can further be decomposed into pure technical efficiency(PTE) and scale efficiency(SE). After mining 1, the index is the annual growth rate. We measure the malmquist index and its decomposed results From the table 4 , the industrial energy efficiency of Beijing showed a growth trend, with an average annual growth rate of 5% for the whole industry, 3.2% and 6.8% for the light industry and heavy industry, respectively. From the development process, before 2009, industrial energy efficiency is on the rise, mainly due to the Olympic Games in 2008, which is an opportunity to achieve the development of energy by leaps and bounds. And industrial restructuring, energy-saving emission reduction achieved remarkable results. In 2009-2010, under the effect of international financial crisis, the government invested a lot of money to support the development of the industry, but the high input of capital didn't bring industrial added value, even showing negative growth. After 2010, the impact of the financial crisis gradually subsided, and the economic situation improved. Meanwhile, in the early stage of "12th Five Year Plan", the review mechanism of new industrial project energy equipment is strict. The large -scale, labor-intensive heavy industry enterprises are ongoing technological transformation and industrial upgrading while relocation, which can further promote the optimization of industrial structure and improve the industrial energy efficiency.
After the decomposition of total factor productivity index, the annual growth rate of technological progress is 8.3%, which is the main factors of energy efficiency improvement in Beijing's industry. However, the annual growth rate of technical efficiency index is -3.1%, which indicates the input of industrial sector in Beijing has not been fully utilized and there is a loss of resource allocation efficiency. The scale efficiency and technical efficiency have positive effect on energy efficiency, whose annual growth rates are -1% and -2.1%, respectively. The pure technical efficiency is mainly affected by enterprise management and institutional arrangements, which should be the focus to improve the energy efficiency.
The technological progress of heavy industry and light industry are 9% and 5.4%, respectively, and the promotion effect on heavy effect is greater than light industry. Some labor-intensive industries in light industry are hard to carry out technological transformation and industrial upgrading. And most of them enter into the enterprise just fancy its cheap labor. However, the technological transformation measures have significant effects on capital-intensive large and medium sized heavy industry, and the technical level of capital-intensive industries are high. Most light industrial enterprises are highly open and highly competitive, while the heavy industry enterprises open low, high degree of monopoly. So the pure technical efficiency of the impact of light industry is less than heavy industry.
Conclusions
Under the background of industrial transfer in Beijing-Tianjin-Hebei, this paper measures the total factor energy efficiency in 36 industries in Beijing from 2005 to 2015 and is in cluster analysis. Then it measures the total factor productivity index and its decomposed index of the whole industry, light industry and heavy industry in 2005-2013. The conclusions are as follows:
(1) There are significant differences in energy efficiency in different industries. 80% of heavy industries are belong to the medium or high energy efficiency industry, while the light industry is located in medium and low energy efficiency. Heavy industry is superior to light industry in terms of technology import and capital investment, and its energy efficiency is obviously higher than that of light industry.
(2) Through the Malmquist total factor productivity index, the energy efficiency of Beijing's industry increased in 2005-2013, and the average annual growth rate is 5%. The main driving factor is technological progress, whose average growth rate is 8.3%. And the main obstacle factor is pure technical efficiency, whose average annual growth rate is -2.1%.
(3) The influence of each factor on light industry and heavy industry is the same, but the influence is different. Technological progress on the promotion of heavy industry is greater than the light industry. The main reason is that the heavy industry mostly is ca pital-intensive industries and it's easy to carry out technological transformation and industrial upgrading. However, the impact of technological efficiency on light industry is less than that of heavy industry. Compared with heavy industry, most light industrial enterprises are highly open and competitive.
